Introduction
The C arnivora is a well defined order of mam malia, presenting various behavioural patterns and comprising many interesting species. They are therefore o f great value for systematic and evolu tionary studies. To achieve these goals primary structure of hemoglobins from various Carnivora species representing the family Mustelidae have been reported by our group [1] [2] [3] . The present stu dy is another contribution to characterize the hemoglobins from European mink a member of the same family. On the basis o f taxonom y mink is placed in the order Carnivora, sub-order Fissipedia, family M ustelidae and the genus Mustela. This report continues our study on molecular characterization of C arnivora at hemoglobin level.
Materials and Methods

Preparation o f hemolysate
Blood from a European mink was collected in heparinized tubes at Zoological G arden, Helsinki. The erythrocytes were washed three times with physiological saline and lysed with distilled water in the cold [4] , The hemolysate was checked for heterogeneity by polyacrylamide gel disc electro phoresis in Tris/glycine buffer at pH 8.3 [5] , as well as under dissociating conditions in the presence of Triton X-100 and 8 m urea [6] ,
Globin chain separation
Hemoglobin was dehemed in cold acetone solu tion containing 2% HC1 [7] , G lobin obtained was reduced under nitrogen for 3 h. A column (1.6 x 15 cm) was packed with carboxymethylcellulose CM-52 in 0.025 m sodium acetate, 0.2% m ercaptoethanol and 8 m urea, pH 5.7. The globin chains were eluted by applying a linear gradient (0.02-0.08 m ) NaCl [8] ,
Enzymatic cleavage and peptide separation
The globin chains were oxidized with performic acid and digested with trypsin (TosPheCH 2Cl-treated, W orthington) for 1 h at pH 10.5, and for another 2 h at pH 9.5 with an enzyme/substrate ra tio of 5:100 [9 -10] . After 3 h, the hydrolysate was titrated to pH 4 and centrifuged. The soluble part was fractionated by gel filtration on Sephadex G-25 fine (2.6 x 150 cm) in 0.1 m acetic acid. The pre-fractioned peaks were re-chrom atographed by RP-HPLC on a column of LiC hrosorb-R P2 (4.6 * 25 mm), equilibrated in 0.05 m ammonium acetate [11] . Peptides were eluted with a gradient of acetonitrile from 0 -6 0 % in 60 min.
Sequence determination
Amino acid sequences were determined by auto mated Edman degradation [12] in liquid phase sequenators (models 890 B and 890C, Beckman In struments). A modified Quadrol program [13] (0.25 m Quadrol) was applied for sequencing of the intact chains and large lysine peptides which had been reacted with reagent IV [14] . 3-Diethylamino propyne [15] was employed for sequencing of the arginine peptides. Some peptides were sequenced by gas phase method using a non-commercial sequenator [16, 17] . The thiazolinone derivatives were converted to phenylthiohydantoin deriva tives in the presence of 3 m TFA at 80 °C, and identified by H PLC [18] .
Results and Discussion
The hemoglobin o f European mink consist of two com ponents as verified by polyacrylamide gel disc electrophoresis (Fig. 1 a) . Electrophoresis un der dissociating conditions in the presence of Tri ton X-100 and 8 m urea revealed two bands corre sponding to one a-and one ß-chain (Fig. 1 b) .
The globin subjected to the column of CM-cellulose resulted in the separation of three polypepa b tide chains namely a I, a l l and ß (Fig. 2 ). This re sult supports the presence of two hemoglobin com ponents detected by disc electrophoresis.
The characterization of the a-and ß-globin chains was achieved by sequencing the N-term inal regions of the native chains up to 42 residues, fol lowed by sequencing of the tryptic peptides. The structural difference in the two hemoglobin com ponents confined to the a-chain at a 15: a I/a II Asp/Gly. The complete primary structure o f the aand ß-chains is presented in Fig. 3 and the amino acid compositions of all peptides are listed in Table I and II.
In comparison with hum an hem oglobin it shows 19 (26.7%) substitution in al-chain, 18 (25.3%) in a l l -and 13 (18.9%) in the ß-chain. The exchanges are resulting in the alteration of five functional im portant positions, a , ß,, a ,ß 2 and heme contact points. All of the four 2,3-diphosphoglycerate con tact sites in the ß-chain are found to be invariant.
The aiß, contacts are very im portant for the dimeric structure of hemoglobin. Analysis of the relevant residues show a total o f three differences occur two in the a-chain at a 34 Leu/Ala and a 111 Ala/Cys whereas in the ß-chain only one residue is altered at ß 125 Pro/Gln.
The a ,ß 2 interface that is im portant for the sta bility of tetram er and also for the cooperative binding of the oxygen. In mink hemoglobin one of these contacts is exchanged in the ß-chain at ß43 Glu/Asp, however in the a-chain all contact points are identical with human hemoglobin.
One residue, involved in the heme contact, is substituted in the ß-chain at ß70 Ala/Ser. This substitution is found frequently in the mam m alian hemoglobins. The heme binding sites in the a-chain correspond to human hemoglobin. Com parison of the prim ary structure of a-and ß-chains of mink hemoglobin with those o f other Carnivora entails the following three genera of the family Mustelidae, mink, polecat, ferret ( M ustela) [1, 19] , otter (L utra) [2] , ratel ( M ellivora) [3] , and bager ( M eles) [20] [21] .
The sequence alignment revealed high degree of homology. The total differences a/ß obtained are as follow; polecat (1/4), bager (8/4), ratel (9/1), otter (2/2) and in ferret ß-chain (4). As shown in the Table III , positions a 80 Leu and ß 139 Asn are invariant in all other members of the family Mustelidae. In mink hemoglobin both of these residues are altered, a 80 Leu/Met and ß 139 Asn/Thr. The total substitutions be tween mink and otter are four whereas the maxi mum is thirteen which is found between mink and badger hemoglobin. It is interesting to note that mink and polecat which belong to the same genus ( M u stela), have five amino acid differences whereas mink com pared with otter, representing the genus ( L u tra ), has only four substitutions. 
